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UHTXLUHPHQWV LV QRW SRVVLEOH DV WKH VXUIDFHV VWUXFWXUHG LQ WKLVZD\ RIWHQ KDYH D YHU\ KLJK URXJKQHVV DQG DV WKH
SURFHVVKDVVLGHHIIHFWVHJVWURQJEXUUUHVLGXHVDQGWKXVUHGXFHVWKHPD[LPXPDFKLHYDEOHUHVROXWLRQ

  


6WDWHRIWKHDUWRI'HIOHFWLRQWHFKQRORJLHVDQGSXOVHSLFNHU
7RDYRLGQHJDWLYHKHDWDFFXPXODWLRQDQGUHVXOWLQJH[FHVVLYHDEODWLRQRIWKHVXUIDFHWKHLQGLYLGXDOSXOVHVPXVW
EHVHSDUDWHGGXULQJ WKHUHPRYDO2WKHUZLVH WKHDEODWLRQEHKDYLRUZLOOEHFKDQJHGDQG WKHVXUIDFHTXDOLW\ZLOOEH
VLJQLILFDQWO\ GHFUHDVHG EHFDXVH RI PHOW UHVLGXHV >@ ,Q KROH GULOOLQJ DSSOLFDWLRQV WKLV HIIHFW FDQQRW EH VROYHG
EHFDXVH WKHSXOVHVDUHDOZD\VSODFHGDW WKH VDPHSRVLWLRQ ,I DQRQRUPLQLPDOO\WKHUPDOSURFHVV LVGHVLUHG WKH
SXOVHVHTXHQFHPXVWEHDGMXVWHGDFFRUGLQJO\)RUDVXUIDFHUHPRYDOPHWKRGLQZKLFKWKHZRUNSLHFHLVVFDQQHGLQD
PHDQGHULQJ ZD\ WKH SXOVHV FDQ EH SODFHG VLGH E\ VLGH ,Q WKLV FDVH WKH UHTXLUHG SXOVH UHSHWLWLRQ IUHTXHQF\ LV
GHWHUPLQHGE\ WKH VFDQ VSHHG2VFLOODWLQJPLUURU V\VWHPVRU JDOYDQRPHWHU VFDQQHUV FDQEH FXUUHQWO\ GULYHQZLWK
VSHHGVRIXSWRPV:LWKDVSRWGLDPHWHUIRUH[DPSOHRIPDPD[LPXPSXOVHVHTXHQFHIUHTXHQF\RIN+]
FDQEHDSSOLHGLQRUGHUWRDYRLGSXOVHWRSXOVHLQWHUDFWLRQ,QWKLVFDVHWKHSURFHVVVSHHGLVOLPLWHGE\WKHVFDQQHU
DVODVHUVZLWKSVSXOVHUHSHWLWLRQUDWHVRI0+]RU0+]DUHDOUHDG\FRPPHUFLDOO\DYDLODEOH>@
$PDFKLQLQJV\VWHPZLWKDKLJKV\VWHPDWLFDOO\ VFDQQLQJVSHHG LVDF\OLQGHU VFDQQLQJV\VWHPZKLFK LVJHQHUDOO\
XVHG IRU HQJUDYLQJRI HPERVVLQJ DQGSULQWLQJ F\OLQGHUV$V WKHZRUNSLHFH )LJ  LV URWDWLRQDOO\ V\PPHWULFDO D
YHU\ KLJK XQLIRUP SHULSKHUDO VSHHG FDQ EH DFKLHYHG >@ ,W LV DGYDQWDJHRXV WKDW WKH  V\QFKURQL]DWLRQ SURFHVV
EHWZHHQPRYLQJZRUNSLHFHDQGODVHUVRXUFHLVVLPSOLILHGGXHWRQRDFFHOHUDWLRQFRQGLWLRQVDQGGHOD\VDUHDSSOLHG
LQFRPSDULVRQWRJDOYDQRPHWHUVFDQQHUV7KXVLQWKLVDSSOLFDWLRQVFDQQLQJVSHHGVRIXSWRPVDUHSRVVLEOH)RU
H[DPSOHDWDVXUIDFHVSHHGRIPVDQGDSXOVHUHSHWLWLRQIUHTXHQF\RI0+]DPLQLPXPSXOVHRYHUODSRI
LVSRVVLEOH%\HYHQKLJKHUSXOVHUHSHWLWLRQIUHTXHQFLHVWKHV\VWHPPRYHVPRUHDQGPRUHLQDFZPRGH,QRUGHU
WRJHQHUDWHDKLJKSURGXFWLYLW\ZLWKDFRQVWDQWDEODWLRQTXDOLW\DWDKLJKSXOVHUHSHWLWLRQUDWHWKHSXOVHLQWHUYDOPXVW
KDYHDQDGMXVWDEOHRYHUODSRI
 
)LJ/HIW'ELWGDWDDVVHWFHQWHU'VWUXFWXUHGVWDLQOHVVVWHHOVXUIDFH;ZLWK)UHVQHOOHQVHV'HSWKP5LJKW6FULSW
Ä7HVW³6FULSWKHLJKWP/LQHZLGWKP(QJUDYLQJGHSWKP0DWHULDO;
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
)LJ6FDQ0HWKRGYVDEODWLRQUDWH

'XHWRIDVWZRUNSLHFHVPRYHPHQWVWKHOLPLWIRUWKHDSSOLFDWLRQRIODVHUHQJUDYLQJF\OLQGHUVLVDWVFDQQLQJVSHHGV
RIPV$QHYHQKLJKHUVFDQVSHHGFDQRQO\EHDFKLHYHGWKURXJKDIDVWVSRWPRYHPHQW)LJ)RUIDVWEHDP
PRYHPHQWVURWDWLQJRSWLFDOV\VWHPVSRO\JRQVFDQQHURUDFRXVWRRSWLFGHIOHFWRUVDUHVWDWHRIWKHDUW

2.1. Polygon scanner 
7KHLQHUWLDRIURWDWLQJRSWLFDOV\VWHPVSURYLGHVVRPHDGYDQWDJHVZLWKUHVSHFWWRVFDQQLQJVSHHGGHIOHFWLRQDQJOH
KLJKUHVROXWLRQDQG WKHSURFHVVLQJRIKLJKRXWSXWSRZHUZLWKJRRGRSWLFDOTXDOLW\*HQHUDOO\RSWLFDOV\VWHPVDUH
GHVLJQHGDVDURWDWLQJSRO\JRQPLUURUEXWWKH\FDQDOVREHS\UDPLGDOPLUURUV
7KHGHIOHFWLRQYHORFLW\LVIRUPHGE\WKHSURGXFWRIWKHQXPEHURIUHYROXWLRQVDQGWKHQXPEHURIIDFHWVDWOHDVW
7KHGULYHDQGWKHPRXQWLQJRIWKHVKDIWVOLPLWWKHURWDWLRQDOVSHHG6SHHGVRIXSWR530DUHSRVVLEOHDQG
DOORZVZHHSVSHHGVRIDERXWPV
3RO\JRQZKHHOVDUHLQGHHGRIWHQXVHGDVDORZFRVWVFDQQHU+RZHYHUDVRQHRIISURGXFWLRQTXDOLW\3RO\JRQ
PLUURUGHIOHFWRUVDUHYHU\H[SHQVLYHGXHWRWKHQHFHVVDU\SUHFLVLRQHQJLQHHULQJHIIRUWSUHFLVHDGMXVWPHQWDLU
EHDULQJ
$SUREOHPRISRO\JRQ VFDQQHUV LV DOVR WKHXVHRIPXOWLSOH HOHPHQWV IDFHWV WKDW FDXVH D VFDQ MLWWHU7KLV LV
FDXVHGE\WKHPDQXIDFWXULQJWROHUDQFHVRIDQJXODUGHYLDWLRQVIURPIDFHWWRIDFHWZKLFKPXVWEHFRPSHQVDWHGE\DQ
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DGGLWLRQDORUWKRJRQDOWRWKHVFDQQLQJGLUHFWLRQDFWLQJGHIOHFWLRQXQLW>@

2.2. Acousto-optic deflector 
)RUDFKLHYLQJKLJKVFDQQLQJVSHHGVZLWKVLPXOWDQHRXVKLJKOLQHUDWHVXSWR0+]DQDFRXVWRRSWLFGHIOHFWRU
$2'RIIHUVVRPHDGYDQWDJHVLQFRPSDULVRQWRWKHSRO\JRQPLUURUDOWKRXJKWKHDQJXODUUDQJHZLWKLVORZ
+RZHYHUWKHEHDPGHIOHFWLRQV\VWHPKDVRQO\WKHWDVNWRVHWDGHILQHGSXOVHWRSXOVHGLVWDQFHLQRUGHUWRPLQLPL]H
WKH WKHUPDO LQIOXHQFHV7KHFRPELQDWLRQRID IDVWD[LV $2'DQGD VORZD[LV F\OLQGHU URWDWLRQRUD[LDO IHHG LV
KLJKO\ HIILFLHQW EHFDXVH DOVR D SRO\JRQ VFDQQHU KDV D QRQXVDEOH DUHD RI WKH IDFHW MXQFWLRQV DQG DQ$2' KDV D
GLIIUDFWLRQHIILFLHQF\LQWKHUDQJHRI+RZHYHUPD[LPXPVFDQVSHHGVRIPVDUHSRVVLEOHE\XVLQJWKLV
PHWKRG>@
2.3. Discussion of the spot distributing systems 
7KH WZR GHIOHFWLRQ V\VWHPV GHVFULEHG DERYH DUH HVVHQWLDOO\ EDVHG RQ GLVWULEXWLQJ D KLJK UHSHWLWLRQ UDWH KLJK
SRZHUODVHUEHDPVRXUFHDVIDVWDVSRVVLEOH:LWKERWKV\VWHPVWKHIROORZLQJSUREOHPVZLOODULVH
 $SXOVHWRSXOVHFRQWURODWUHSHWLWLRQUDWHVRIVRPH0+]WR0+]LVHVVHQWLDOWRJHQHUDWHDUELWUDU\
VXUIDFHVWUXFWXUHV+RZHYHUFXUUHQWO\ WKHUHDUHQRFRPSRQHQWV DYDLODEOH WKDW DUH DEOH WRPRGXODWHKLJK
HQHUJ\XOWUDIDVWODVHUSXOVHVZLWKUHSHWLWLRQUDWHV!0+]'XHWRWKHIDFWWKDWWKHVSRWVL]HGHILQHVWKH
PRGXODWLRQ IUHTXHQF\ D - SVODVHU SXOVH ZLOO UHDFK WKH DEODWLRQ WKUHVKROG RI DQ LQGXVWULDO DSSURYHG
DFRXVWRRSWLFDOPRGXODWRUFU\VWDO DW IUHTXHQFLHV DERYH0+] )LJ'XH WR WKHKLJK UHSHWLWLRQ UDWHV
YHU\ KLJK DYHUDJH SRZHUV VHYHUDO : ZLOO DULVH ZKLFK OHDGV WR WKHUPDO LQIOXHQFHV RI WKH RSWLFDO
FRPSRQHQWV$-SVODVHUSXOVLQJZLWK0+]HPLWV:DYHUDJHSRZHUDW0+]DOUHDG\.:
%HVLGHVWKHWKHUPDOOHQVLQJWKHGDPDJHWKUHVKROGRIRSWLFDOPDWHULDOLVUHDFKHGDW:#0+]8OWUD
VKRUWSXOVHGODVHUVDUHFRPPHUFLDOUHDOL]HGZLWKUHSHWLWLRQUDWHVXSWR0+]DWDQDYHUDJHSRZHURI:
>@
 )RUDFRXVWRRSWLFGHIOHFWLRQ WKH ODVHUEHDPKDV WREH IRFXVHG LQWR WKHTXDUW]FU\VWDO WRDOORZKLJKVSHHG
VFDQQLQJDQGIDVWPRGXODWLRQ7KURXJKWKHWUDQVIRUPDWLRQWRVPDOOEHDPGLDPHWHUVDQGWKHUHGXFWLRQRIWKH
5D\OHLJK OHQJWK WKH LQWHUDFWLRQ ]RQH RI ODVHU EHDP DQG EUDJJ JUDWLQJ LQ D DFRXVWR RSWLFDO PRGXODWRU
GHFUHDVHV7ZRSUREOHPVZLOODULVH7KHGLIIUDFWLRQHIILFLHQF\GHFUHDVHV:LWKGHFUHDVLQJEHDPVL]H
WKHPRGXODWHGEHDPSURILOHWHQGVWRDQHOOLSWLFDOVKDSH
 7KHGDWD UDWHRIDVLQJOHFKDQQHORXWSXW LV OLPLWHG&XUUHQWO\DGDWD UDWHRI03L[HOZLWKELWWLIRU
03L[HOZLWKELWWLILVVWDWHRIWKHDUW
 7KH VKRUW VZLWFKLQJ WLPHV DQG WKH H[WUHPHO\ KLJK VSHHGV UHGXFH WKH SUHFLVLRQ RU UHVROXWLRQ E\ WKH
HOHFWURQLFDOO\LQGXFHGMLWWHU
 ,QFDVHRIWKH3RO\JRQVFDQQHUDPHFKDQLFDOVFDQMLWWHUPXVWEHFRPSHQVDWHG
 
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
7KHFRPELQDWLRQRIKLJKVFDQVSHHGDQGDQDFFRUGLQJO\V\QFKURQL]HGVZLWFKLQJODVHULVVWDWHRIWKHDUWXSWRD
VFDQYHORFLW\RIPVWRJHWKHUZLWKD:SVODVHUZLWKDV\QFKURQL]HGSXOVHUHSHWLWLRQUDWHRI0+]>@'XHWR
WKH VXP RI WHFKQLFDOO\ QRW VROYHG DVSHFWV DQ LQGXVWULDO XVH RI IDVW VFDQQLQJ V\VWHPVZLWK GDWD SURFHVVLQJ UDWHV
!0+]RIXOWUDVKRUWSXOVHGODVHUVOLHVLQWKHGLVWDQWIXWXUH
)RU LQFUHDVLQJ WKHRYHUDOO DEODWLRQ UDWHRID ODVHU DEODWLRQ V\VWHPD VHFRQGDSSURDFKFDQEHXWLOL]HGE\XVLQJ
SDUDOOHOSURFHVVLQJZLWKPXOWLVSRWVHQDEOHVDPRUHHFRQRPLFDOO\ZD\(VSHFLDOO\WKHPRGXODWLRQRIWKHODVHUVSRWV
LVPXFKVLPSOHULQDSDUDOOHOSURFHVVLQJ$VLQJOHFKDQQHOPRGXODWLRQLVOLPLWHGDWDSSUR[03L[HO$QFKDQQHO
V\VWHP ZLOO LQFUHDVH WKLV UDWH XS WR 03L[HO 1HYHUWKHOHVV HQWDLOV DQ XOWUDVKRUW SXOVH PLFURVWUXFWXULQJ DQ
DEODWLRQZLWKPLQRU DEODWLRQ UDWH SHU SXOVHPHDQV D OD\HUEDVHG DEODWLRQ LV QHFHVVDU\$ WHFKQLFDO UHDOL]DWLRQRI
SURFHVVLQJSHUODVHUVSRWDOD\HULVREYLRXV

3ULQFLSOHRIEHDPGHOLYHU\DQGV\QFKURQL]DWLRQRIIRXUXOWUDVKRUWSXOVHGODVHUVRXUFHV
)RULQFUHDVLQJWKHRYHUDOODEODWLRQUDWHRIWKHPDQXIDFWXULQJDSDUDOOHOSURFHVVLQJZLWKDSOXUDOLW\RIODVHUVODVHU
KHDGVDQGVSRWVLVLQHYLWDEOH)LJ7KLVDYRLGVRQWKHRQHKDQGDOLPLWDWLRQRIWKHVLQJOHVSRWIOXHQFHDQGRQWKH
RWKHUKDQGDPRGHUDWHPRGXODWLRQDQGGDWDWUDQVIHUUDWHZLWKDGLYLVLRQLQWRPXOWLSOHFKDQQHOV'LIIHUHQWDSSURDFKHV
IRU WKHJHQHUDWLRQRIPXOWLVSRWV DUH FRQFHLYDEOH'LIIUDFWLYH2SWLFDO(OHPHQWV '2(V DUH WKH VWDWHRI WKH DUW LQ
JDOYDQRPHWHU VFDQQHU DSSOLFDWLRQV IRU D SDUDOOHO SURFHVVLQJ ,I GHILQHG VWUXFWXUHV KDYH WR EH WUDQVPLWWHGPXOWLSOH
WLPHVWRDVXEVWUDWH WKLVRSWLRQRIIHUVPDQ\SRVVLELOLWLHV(DFKVSRW LQ WKLVFDVHLVDFRS\RI WKHLQFRPLQJODVHU
EHDPDQGQRWLQGHSHQGHQWIURPWKHQHLJKERUVSRW7KXVDUHSHDWHGUHSURGXFWLRQRIRQHDEODWHGPRWLIFDQEHUHDOL]HG
RQWKHVXEVWUDWH6WRFKDVWLFDOO\GLVWULEXWHGGDWDHJOHDWKHUVNLQFDQQRWEHSURFHVVHGLQWKLVZD\$QHZZD\WRXVH
PXOWLSOHODVHUVZLWKLQGLYLGXDOPRGXODWLRQEXWZLWKRQHVLQJOHRSWLFVLVWKHFRPELQDWLRQRIVHYHUDOODVHUVZLWKLQRQH
EHDP DQG RQH IRFXVLQJ RSWLFV 2QH SRVVLELOLW\ IRU WKH DSSURDFK LV ZHOO NQRZQ IURP GLRGH ODVHUV E\ XVLQJ
ZDYHOHQJWKPXOWLSOH[LQJ+RZHYHU863ODVHUVDUHRQO\DYDLODEOHZLWKGHILQHGZDYHOHQJWKVDWQPQPDQG
QPIRU1G<$*V\VWHPV7KHZDYHOHQJWKLVGHSHQGLQJRQWKHODVHUSULQFLSOHZKLFKUXOHVRXWWKHSRVVLELOLW\
RI DZDYHOHQJWKPXOWLSOH[LQJ$ IHDVLEOH DOWHUQDWLYH LV WKHSRODUL]DWLRQFRXSOLQJRI WZR ODVHUV7KLV LQFUHDVHV WKH
PD[LPXPDEODWLRQUDWHE\DIDFWRURIWZRDVWKHPRGXODWHGVSRWVDUHGRXEOHG%XWWRHVWDEOLVKDPLFURVWUXFWXULQJ
SURFHVV ZLWK VHYHUDO SDUDOOHO LQGHSHQGHQWO\ PRGXODWHG VSRWV WKH XVH RI PXOWLSOH ODVHU VRXUFHV LV QHFHVVDU\ $Q
DUUDQJHPHQWRIDQGODVHUVHQDEOHVDVLJQLILFDQWLQFUHDVHRIDEODWLRQ2QHSRVVLELOLW\LVWKHFRXSOLQJRIVHYHUDO
ODVHUVEDVHGRQDWHOHFHQWULFVHWXSDVVKRZQLQ)LJ
 
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
)LJVFDOLQJODVHUVRXUFHVYVDEODWLRQUDWH

3.1. Optical Reunification of multi laser sources 
,Q)LJWKHPHUJLQJRIWZRSVODVHUVLQWRRQHIRFXVLQJRSWLFXVLQJDWHOHFHQWULFVHWXSLVVFKHPDWLFDOO\VKRZQ
ZKLFKDOVRFDQEHH[WHQGHGWRPXOWLSOHODVHUVRXUFHV%\WKLVDUUDQJHPHQWWKHVSRWVFDQEHSODFHGDWDGLVWDQFHRI
VRPHPRQWKHVXEVWUDWHZKLFKDOORZVDYHU\FRPSDFWPDFKLQLQJKHDG


)LJ7HOHFHQWULFUHXQLILFDWLRQRIWZRSVODVHUV

7KHGLUHFWLRQRIWKHLQGLYLGXDOODVHUEHDPSURSDJDWLRQSVODVHUDQGSVODVHULVQRWSDUDOOHOEXWDWDGHILQHG
DQJOH WR HDFK RWKHU )LJ  'XH WR WKLV DUUDQJHPHQW WKH LQGLYLGXDO ODVHU EHDPV LQWHUVHFW ,Q WKH DUHD RI WKH
LPDJLQDU\ FURVVLQJ SRLQW D FRQFDYH OHQV RI VKRUW IRFDO OHQJWK / LV LQVHUWHG 7KH LQFRPLQJ ODVHU UD\VZLOO EH
SDUDOOHOL]HG7KH UHVXOW LV DQ LQFUHDVHGGLYHUJHQFHRI HDFKEHDP H[SDQGV7KH FRQYH[ OHQV/ LV ORFDWHG DW WKH
LQWHUVHFWLRQRIWKHEHDPSDWKVDQGIRUPVWRJHWKHUZLWKWKHFRQFDYHOHQV/DUHYHUVH*DOLOHDQWHOHVFRSH7KHIRFXV
OHQV/IRFXVHVWKHHQODUJHGEHDPVRQWRWKHF\OLQGHUVXUIDFH,IWKHSRVLWLRQRIWKHFRQYH[OHQV/LVFKRVHQLQWKH
ZD\WKDWWKHGLVWDQFHEHWZHHQWKHFRQFDYH/DQGFRQYH[/OHQVLVHTXLYDOHQWWRWKHIRFDOOHQJWKRIWKHOHQV/
WKHD[HVRIWKHEHDPVEHWZHHQWKHOHQV/DQGWKHZRUNVXUIDFHDUHSDUDOOHODQGUHVXOWLQFRQVWDQWGLVWDQFHRIWKH
VSRWVRQWKHVXEVWUDWH(YHQE\DPRGLILHGVSDFLQJEHWZHHQWKHIRFXVOHQV/DQGWKHVXEVWUDWH2WKHVSRWGLVWDQFH
LVFRQVWDQW

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3.2. Electronical reunification of several laser sources 
,Q RUGHU WR LQIOXHQFH WKH WLPLQJ RI WKH VSRWV SODVPDV WKH SXOVH IUHTXHQFLHV RI WKH LQGLYLGXDO ODVHUV DUH
V\QFKURQL]HG6WDUWLQJIURPD0DVWHUIRUH[DPSOHIRXUSDUDOOHOEHDPVRXUFHVFRXOGEHV\QFKURQL]HG)LJ

)LJ6\QFKURQLVDWLRQRIWKHSXOVHVHTXHQFHLQFDVHRIIRXUSVODVHUV


)LJ6FKHPHRIDSVODVHUV\VWHPZLWKDPDVWHUODVHUDQGVODYHODVHUV

)LJVKRZVWKHSULQFLSOHVHWXSRIDSVODVHUV\VWHPFRQVLVWLQJRIODVHUKHDGV(DFKODVHUKHDGKDVDVHHGHUD
SXOVHSLFNHUDQGDSRZHUDPSOLILHU$OOWKHVHHGHUVKDYHDFRQVWDQWUHSHWLWLRQUDWHDERXWfs,QRXUFDVHfs = 50 MHz
7KHSXOVHSLFNHUVDUHXVHGWRSLFNSXOVHEXUVWVDWDUHGXFHGUHSHWLWLRQUDWH$IWHUWKHSXOVHSLFNHUVWKHSXOVHEXUVWV
SDVVHV WKURXJKWKHDPSOLILHUV IRU LQFUHDVLQJ WKHSXOVHHQHUJ\7KH ODVHUKHDGZLWKVHHGHUDFWVDV WKHPDVWHU ,WV
SXOVHVLJQDOVGHWHFWHGE\WKHSKRWRGLRGH3'DUHXVHGDVWKHV\QFKURQL]DWLRQVLJQDOIRUWKHVODYHODVHUVDQG
 
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
)LJ&KURQRORJLFDORUGHURIWKHSXOVHVIRUWKHODVHUV\VWHPV
,Q)LJWKHFKURQRORJLFDORUGHURIWKHSXOVHLVVKRZQ7KHVHHGHULVHPLWWLQJSVSXOVHVDWDUHSHWLWLRQUDWHfs
7KH SXOVH SLFNHU  SLFNV SXOVH EXUVWV IURP VHHGHU  DW DQ XVHU GHILQHG SXOVH EXUVW IUHTXHQF\ fb ,Q WKH H[DPSOH
VKRZQ LQ )LJ  WKH QXPEHU RI SXOVHV LQ D EXUVW LV  7KH SKRWR GLRGH VLJQDO 3 LV XVHG WR JHQHUDWH D
V\QFKURQL]DWLRQVLJQDOIRUWKHSXOVHSLFNHUGULYHUVRIWKHVODYHODVHUVWR$OOWKHVHHGHUVDUHUXQQLQJDWDOLWWOH
GLIIHUHQWUHSHWLWLRQUDWHDERXWfs7KHMLWWHURIWKHSXOVHEXUVWLQUHODWLRQWRWKHPDVWHUODVHULVDERXWTs,WKHUHFLSURFDO
RIHDFKVHHGHUUHSHWLWLRQUDWH)RUVHHGHUVZLWKDSXOVHUHSHWLWLRQUDWHRI0+]WKHMLWWHUVRIWKHSXOVHEXUVWRIWKH
VODYHODVHUVDUHDERXWQV

3.3. Multi-spot cylinder micro processing approach  
)RUDQHIILFLHQWSURFHVVVHWXSRIDPXOWLVSRWDUUD\URZWKHVSRWGLVWDQFHVKDYHWREHYHU\FORVHDVHDFKVSRWKDV
WREHSHUIRUPHGDFURVVWKHHQWLUHVXUIDFH$WHOHFHQWULFVHWXSDOORZVGLVWDQFHVRIWKHVSRWVLQWKHUDQJHRIVRPH
P /DUJHU VSRW GLVWDQFHV ZRXOG OHDG WR KLJKHU SURFHVVLQJ WLPHV DQG UHGXFH WKH DGYDQWDJH RI WKH PXOWLVSRW
DSSOLFDWLRQ)LJ$FORVHSODFHPHQWRUWKHFRPSOHWHRYHUODSRIWKHFLUFXPIHUHQWLDOODVHUVSRWOLQHVZLOOOHDGWR
DQLQFUHDVHGSXOVHWRSXOVHLQWHUDFWLRQ7RDYRLGRUWRPLQLPL]HWKLVLQWHUDFWLRQWKHODVHUVRXUFHVDUHV\QFKURQL]HG
WR HDFK RWKHU %HVLGHV WKH V\QFKURQL]DWLRQ RI WKH SXOVH UHSHWLWLRQ GHVFULEHG LQ WKH SUHYLRXV FKDSWHU WKH VSDWLDO
V\QFKURQL]DWLRQRIWKHVSRWVLQDQDFFXUDF\RIQPRQWKHVXUIDFHKDVWREHUHDOL]HG7KHV\QFKURQL]DWLRQRI
WKH ODVHUV LVEDVHGRQVFDOHVDQGJLYHQE\DVRIWZDUHDOJRULWKPZKLFKDOORZVDGHILQHGSODFHPHQWRI WKHVSRWV LQ
D[LDODQGFLUFXPIHUHQFHGLUHFWLRQ7KHODVHULVWKHPDVWHUDQGGHILQHVWKH]HURSRVLWLRQLQERWKD[HV%DVHGRQWKLV
RULHQWDWLRQWKHRWKHUODVHUVZLOOEHV\QFKURQL]HGE\WKHGHOD\VRIIVHWV[[[LQD[LDOGLUHFWLRQDQG\\\LQ
FLUFXPIHUHQFHGLUHFWLRQ)LJ7KHDFFXUDF\RIWKHVFDOHVLVLQWKHUDQJHRI±QP
 
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)LJ6SDWLDOV\QFKURQL]DWLRQRIPXOWLSOHODVHUV    )LJ$VVLJQPHQWRI/DVHUWROD\HU

,QYHVWLJDWLRQRISXOVHVHTXHQFHVEXUVWPRGHLQFRQVLGHUDWLRQRITXDOLW\DQGDEODWLRQUDWH
,Q UHFHQW \HDUV LWZDV VKRZQ WKDW ODVHUPLFURVWUXFWXULQJZLWK XOWUDVKRUW SXOVHV HQDEOHV D VXSHULRUPDFKLQLQJ
TXDOLW\LQFRPSDULVRQWRRWKHUPHWKRGVHJFRQYHQWLRQDOPLOOLQJ)RUDERXWWZR\HDUVWKLVPHWKRGKDVEHHQVWDWH
RI WKH DUW DW IRU WKH FRSSHU PDWHULDOV +RZHYHU PLFURVWUXFWXUHG FRSSHU VXUIDFHV GR QRW SURYLGH WKH UHTXLUHG
SURSHUWLHV IRU DOO LQGXVWULDO DSSOLFDWLRQV6WHHO QLFNHORU WLWDQLXPVXUIDFHV IRU H[DPSOH DUHRIWHQSUHIHUUHG VLQFH
WKH\SRVVHVVDQXPEHURIDGYDQWDJHVFRPSDUHGWRRWKHUPHWDOVVXFKDVKDUGQHVVDEUDVLRQUHVLVWDQFHKHDWUHVLVWDQFH
DQG WRXJKQHVV ,Q DGGLWLRQ WKHVH SURSHUWLHV FDQ EH VHW LQGLYLGXDOO\ ,W LV WKHUHIRUH QRW VXUSULVLQJ WKDW VWHHO LV
SUHIHUDEO\ XVHG IRU FXWWLQJ DQG HPERVVLQJ DSSOLFDWLRQV ,I PLFURVWUXFWXUHG VWHHO VXUIDFHV DUH UHTXLUHG IRU WKHVH
DSSOLFDWLRQVFXUUHQWO\WKH\KDYHWREHSURGXFHGE\OLWKRJUDSKLFPHWKRGVPLFURPLOOLQJRUGLUHFWO\DEODWLYHODVHUVLQ
WKHQDQRVHFRQGSXOVHUHJLPH
$VWKHPLFURVWUXFWXULQJRIVWHHOVXUIDFHVE\XOWUDVKRUWLQGLYLGXDOSXOVHVKDVYDULRXVXQGHVLUHGVLGHHIIHFWVHJ
WKHJHQHUDWLRQRIXQZDQWHGVWDWLVWLFDOO\VXUIDFHVWUXFWXUHVOLNHFRQHOLNHSURWUXVLRQV&/3
V>@RUKROHIRUPDWLRQV
XOWUDIDVWODVHUVFRXOGQRWEHHQXVHGHFRQRPLFDOO\%\DVXLWDEOHFKRLFHRIWKHSDUDPHWHUVW\SLFDOO\KDYLQJDIOXHQFH
DWWKHDEODWLRQWKUHVKROGWKHVHVLGHHIIHFWVFDQEHUHGXFHGEXWQRWFRPSOHWHO\DYRLGHG8OWLPDWHO\WKHORZUHPRYDO
SVODVHU
=\OLQGHU
3XOVHVHSDUDWLRQ
dĞůĞĐĞŶƚƌŝĐ
ŽŵďŝŶĂƚŝŽŶ
;&ŝŐ͘ϳͿ
)LJ0XOWLODVHUDSSOLFDWLRQ
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UDWHZRXOG SUHFOXGH DQ LQGXVWULDO DSSOLFDWLRQ$ IXUWKHU DSSURDFK LV WKH DSSOLFDWLRQRI SXOVH VHTXHQFHV VRFDOOHG
SXOVHEXUVWV3XOVHEXUVWVDUHGHILQHGSXOVHVHTXHQFHVZLWKLQWHUYDOVRIDIHZQDQRVHFRQGVHJ WSXOVHSXOVH
QV)LJ









)LJ'LVWULEXWLRQRIWKHSXOVHHQHUJ\LQWHQVLW\WRVHYHUDOSXOVHVDWLQWHUYDOVRIVRPHQV

:LWKLQDSXOVHEXUVWWKHSXOVHHQHUJ\RIDQXOWUDVKRUWODVHUSXOVHLVGLVWULEXWHGWRDSOXUDOLW\RIXOWUDVKRUWSXOVHV
LQDVKRUWSXOVHGLVWDQFHWSXOVHSXOVHVRWKDWWKHIOXHQFHRIWKHVLQJOHSXOVHPRYHVLQWKHUHJLRQRIWKHDEODWLRQWKUHVKROG
ZKHQFKRRVLQJDVXLWDEOHVSRWGLDPHWHU7KHVXPRI WKHSXOVHV LQDEXUVWUHVXOWV LQDQDEODWLRQUDWHZKLFKFOHDUO\
H[FHHGVWKDWRIWKHVLQJOHSXOVH>@DQGEHVLGHVWKHDFWXDOUHPRYDODOVRDFRQGLWLRQLQJRIWKHVXUIDFHLVLQGXFHG)RU
PLFURVWUXFWXULQJVWHHOVXUIDFHV WKHFRQGLWLRQLQJRI WKHVXUIDFHE\SXOVHVHTXHQFHV LV WKHGHFLVLYHIDFWRU2QO\ LQ
WKLV ZD\ PLFURVWUXFWXUHG VWHHO VXUIDFHV ZLWK D URXJKQHVV RI 5D !  PLFURQ DUH SRVVLEOH ZKLFK FDQ EH XVHG
LQGXVWULDOO\IRUKLJKTXDOLW\HPERVVLQJWRROV7\SLFDOSDUDPHWHUVIRUWKHHQJUDYLQJRIVWHHOVXEVWUDWHVDUH
3XOVHGXUDWLRQ   SV
0D[DYHUDJHSRZHU  :
:DYHOHQJWK   QP
3XOVHUHSHWLWLRQUDWHIE  0+]
6FDQVSHHG   PV
%\PHDQVRIDQRSHUDWLRQLQEXUVWPRGHZKHUHHDFKODVHUSXOVHLVGLYLGHGLQWRVLQJOHSXOVHV)LJWKH
HQHUJ\RIWKHSXOVHVZLWKLQDEXUVWFDQEHYDULHGIUHHO\7KHVXPHTXDOVWRWKHHQHUJ\RIWKHSXOVHLQRUGLQDU\PRGH
7KHH[SHULPHQWDODEODWLRQUDWHVKDYHEHHQHYDOXDWHGE\HQJUDYLQJDUHDVRIURWRJUDYXUHFHOOV)LJRIPP[
PP7KHVHDUHDVKDYHEHHQDEODWHGZLWKGLIIHUHQW IOXHQFLHVDQG-FPðDGMXVWHGE\DQH[WHUQDOSXOVH
SLFNHUDQGPDFKLQHGZLWKGLIIHUHQWEXUVWPRGHV7KHUHVXOWVRIWKLVLQYHVWLJDWLRQDUHVKRZQLQ)LJ)RUKLJKHU
SXOVHQXPEHUVLQDEXUVWPRGHDQLQFUHDVHGDEODWLRQUDWHKDVEHHQREVHUYHGLQGXFHGE\DQHQKDQFHGSXOVHWRSXOVH
LQWHUDFWLRQRUSUHKHDWLQJHIIHFW6LPLODUHIIHFWVFRXOGDOUHDG\EHGHPRQVWUDWHGZLWKSXOVHEXUVWWHFKQLTXHV>@7KLV
OHDGV WR KLJKHU DEODWLRQ GHSWKV ZKLFK VKRZV WKH WKHRUHWLFDO ORJDULWKPLFDO EHKDYLRU RI WKH DEODWLRQ GHSWK IRU
LQFUHDVLQJODVHUSXOVHIOXHQFH>@
 
W W
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
)LJ$EODWLRQUDWHYVWKHQXPEHURILQGLYLGXDOSXOVHVSHUSXOVHEXUVW0DWHULDO;SURFHVVLQJSDUDPHWHU7DE

,QWKHFDVHRIVWDLQOHVVVWHHO;VXUIDFHGHIHFWVVRFDOOHGFRQHOLNHSURWUXVLRQV&/3V>@DUHHPHUJLQJRQ
WKHDEODWHGDUHDOLNHFOXVWHUV7KHIRUPDWLRQRI WKH&/3VWDUWVDWVRPHQXFOHDWLRQRI WKHVXUIDFH)LJ'XULQJ
IXUWKHU ODVHU DEODWLRQ WKH FOXVWHUV RI &/3 DUH IRUPHG DQG JURZ XQWLO WKH FRPSOHWH DUHD RI WKH DEODWLRQ ]RQH LV
FRYHUHG


)LJ%RWWRPVWUXFWXUHZLWKDEODWLRQGHSWKRIPIOXHQFH-FPðZLWKRXWSXOVHEXUVWPRGH

7KHSXOVHEXUVWPRGHDWDFRQVWDQWSXOVH UHSHWLWLRQ UDWHRI0+]KDVDQ LQIOXHQFHRQ WKHJURZWKRI WKH&/3
FOXVWHUV7KH&/3DUHD LQ WKHDEODWLRQ]RQHH[SDQGVZLWKGHFUHDVLQJSXOVHVZLWKLQDSXOVHEXUVW$WDSXOVHEXUVW
PRGHZLWKLQ  SXOVHV WKHGHVFULEHGSKHQRPHQRQZDVQRW UHFRJQL]HG DQG UHVXOWV LQ D FRQVWDQW VXUIDFH URXJKQHVV
ZKLFKLVLQGHSHQGHQWIURPWKHDEODWLRQGHSWK
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
)LJ%RWWRPVWUXFWXUHZLWKDEODWLRQGHSWKRIPIOXHQFH-FPðZLWKSXOVHEXUVWPRGH

5HVXOWVZLWKIRXUSDUDOOHOODVHUVSRWV
7KHGHVFULEHGDSSURDFKRIVFDOLQJODVHUVRXUFHVLVDVROXWLRQIRUDQLQFUHDVHGWKURXJKSXWLQDF\OLQGHUSURFHVVLQJ
V\VWHP7KHFRPELQDWLRQRISDUDOOHOODVHUVLQRQHEHDPGHOLYHU\VHWXSVFDOHVXSWKHDEODWLRQUDWHZLWKWKHQXPEHURI
VSRWV7KHDEODWLRQUDWHRIHJVWHHO;DW0+]ZLWKDIOXHQFHRI-FPðDQGDSXOVHEXUVWRIHQDEOHVDQ
DEODWLRQUDWHRIPPñPLQ)RXUSDUDOOHODFWLQJODVHUVSRWVLQFUHDVHWKHDEODWLRQUDWHXSWRPPñPLQ)LJ
DQGNHHS WKHTXDOLW\ OHYHORI WKH VLQJOH VSRWDSSOLFDWLRQ'XH WR WKHZHOOEDODQFHGFRPELQDWLRQRIPDFKLQLQJ
SDUDPHWHUVDQGSXOVHEXUVWPRGHVWUXFWXUHGHSWKVRIVHYHUDOPDUHSRVVLEOHZLWKDFRQVWDQWVXUIDFHURXJKQHVV
ZLWKRXWDQ\DUWHIDFWV)LJ+RZHYHUWKHUHVXOWVVKRZDUDWKHUODUJHLPSDFWRQWKHVSRWGLVWDQFHVFRQVLGHULQJWKH
DFKLHYHGTXDOLW\DQGDEODWLRQ UDWH ,Q WKH WHVW VHWXS D VSDFHRIPLQLPXPPEHWZHHQ WKHDEODWLRQ]RQHVZDV
QHFHVVDU\WRSURYLGHWKHFRQVWDQWTXDOLW\OHYHODVWKHVLQJOHODVHUDSSOLFDWLRQ7KHTXDOLW\DVSHFWVRIWZRGLPHQVLRQDO
URWRJUDYXUHFHOOV)LJZHUHLQYHVWLJDWHGLQWKHVHWXSZLWKSDUDPHWHUVGHVFULEHGLQVHFWLRQ

 
)LJ5RWRJUDYXUHFHOOVRQ;VXUIDFHFHOOZLGWKP   )LJ';GHSWKP
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%HVLGHV VWHHO ; WKHPDWHULDOV EUDVV DQG FRSSHU ZHUH LQYHVWLJDWHG LQ WKH VHWXS &RPSDUHG WR SUHYLRXV
LQYHVWLJDWLRQV>@WKHDEODWLRQUDWHRIWKHVHPDWHULDOVFRXOGEHLQFUHDVHGZLWKWKHQXPEHURIODVHUVSRWV:LWKIRXU
VSRWVDQGDQRYHUDOODYHUDJHSRZHURI:UHSUDWH0+]EUDVVDQGFRSSHUVKRZDPD[LPXPDEODWLRQUDWHRI
PPñPLQ7KHDEODWLRQEHKDYLRXURIEUDVV DQGFRSSHUGHSHQGVRQ WKHDSSOLHGQXPEHURISXOVH LQDEXUVW DQG
GLIIHUV VLJQLILFDQWO\ IURP WKDW RI WKH VWHHO VXEVWUDWH 6WHHO ; VKRZV D FRQWLQXRXV ULVH RI UHPRYDO UDWH
GHSHQGHQWRQWKHDSSOLHGQXPEHURISXOVHVZLWKLQDEXUVW5HVXOWVZLWKRXW&/3VZHUHDFKLHYHGDWSXOVHVLQDEXUVW
KLJKHUWKDQWKUHH2EYLRXVO\WKHDEODWLRQUDWHRIFRSSHUDQGEUDVVFRXOGEHLQFUHDVHGZLWKWKHQXPEHURISXOVHVEXW
DFRQWLQXRXVULVHRIWKHDEODWLRQUDWHFRXOGQRWEHUHFRJQL]HGDVLWZDVWKHFDVHZLWKWKHVWHHOVXEVWUDWH7KHUHIRUHLQ
FDVHRIEUDVVDQGFRSSHUWKHQXPEHURISXOVHVLQDEXUVWVKRXOGQRWH[FHHGWKHQXPEHURIWKUHH$WKLJKHUQXPEHURI
SXOVHLQDEXUVWPHOWDQGUHVLGXHVRFFXU)LJ

 
)LJ$EODWLRQUDWHRI;EUDVVFRSSHUSURFHVVLQJSDUDPHWHU7DEIRXUODVHUVSRWV[-FPðYVSXOVHVSHUEXUVW
7KH HYDOXDWHG SDUDPHWHUV KDYH EHHQ WUDQVIHUUHG WR ' OD\HU SURFHVVLQJ RI ; ,Q )LJ  WKH GLIIHUHQW
DEODWLRQOD\HUVFDQEHUHFRJQL]HGE\WKHKHLJKWOLQHVLQWKHUHOLHIRIWKHSURFHVVHGPLFUR³6FKLOOHU´KHDG7HFKQLFDO
'0LFURVWUXFWXUHVZHUHLQYHVWLJDWHGRQFRSSHUVXUIDFHV$YDULHW\RI'VWUXFWXUHVHQDEOHVIXQFWLRQDOLWLHVIRUKRW
VWDPSLQJDSSOLFDWLRQVLQGLIIHUHQWNLQGRISODVWLFVHJRSWLFDOHOHPHQWVOLNHSULVPVIUHVQHOOHQVHVOHQVHV)LJ±
)LJ
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
)LJ0LFURSULVPDUUD\GLVWDQFHPGHSWKP  )LJ)UHVQHOOHQVGLVWDQFHPGHSWKP


)LJ&RQFDYHOHQVDUUD\GLDPPGHSWKP )LJ3DUDEROLFVXUIDFHGLDPHWHUPGHSWKP

:LWK LQGLYLGXDO SXOVHEXUVW VHWWLQJV WKH DEODWLRQ TXDOLW\ EXUU UHVLGXH VXUIDFH URXJKQHVV LV DGMXVWDEOH $
SRVLWLYHVLGHHIIHFWLVWKHLQFUHDVHGDEODWLRQUDWHZKLFKUHGXFHVWKHSURFHVVLQJWLPHVLJQLILFDQWO\
&RQFOXVLRQV
+LJKSRZHUXOWUDVKRUWSXOVHGODVHUV\VWHPVSVSXOVHZLGWKZLWKKLJKSXOVHUHSHWLWLRQUDWHV±0+]DQG
PDWHULDOVSHFLILF DGMXVWDEOH SXOVH VHTXHQFHV SXOVH EXUVWV H[SDQG WKH ODVHUPLFURSURFHVVLQJ WR QHDUO\ DOOPHWDO
VXUIDFHV ZLWK D KLJK VXUIDFH TXDOLW\ 7KH KLJK DFFXUDF\ DQG UHVROXWLRQ RI VWUXFWXUHV ZKLFK FDQ EH DFKLHYHG
HVSHFLDOO\RQVWHHOFRSSHUDQGEUDVVVXUIDFHVRSHQXSQHZHPERVVLQJDSSOLFDWLRQVHJKRWVWDPSLQJIRUVHFXULW\
DQGGLVSOD\SURGXFWLRQ$EODWLRQUDWHVRIPPñPLQZLWKRQHODVHUVRXUFHZKHQSURFHVVLQJVWHHOPDWHULDOVDUH
PRYLQJWKHXOWUDVKRUWPLFURVWUXFWXULQJLQDQHFRQRPLFDOSURFHVVLQJZLQGRZDVLQWKHWRROLQGXVWU\VWHHOPDWHULDOV
DUHSDUWLFXODULPSRUWDQWZLWKYHU\OLWWOHZHDUDQGFDSDELOLW\RIKLJKORDGV)RUDIXUWKHULQFUHDVHRIWKHUHPRYDOUDWH
WKLV SDSHU VKRZV D FRQFHSW WKDW FRPELQHV PXOWLSOH ODVHU VRXUFHV LQ D PLFUR VWUXFWXULQJ V\VWHP IRU F\OLQGULFDO
HPERVVLQJWRROV$EHDPGHOLYHU\V\VWHPZLWKIRXUODVHUVRXUFHVRYHUDOOODVHUSRZHU:KDVEHHQLQYHVWLJDWHG
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ZKLFKHQDEOHVDQDEODWLRQUDWHRIPPñPLQIRU;DQGPPñPLQIRUWKHPDWHULDOFRSSHUDQGEUDVVDWDQ
DFFHSWDEOHVWUXFWXULQJTXDOLW\LQFRPELQDWLRQZLWKDQHFRQRPLFSURFHVVLQJWLPH:LWKWKLVDSSURDFKSVODVHUVKDYH
EHHQ WUDQVIHUUHG WR D ODUJH DUHD LQGXVWULDO DSSOLFDWLRQVZLWK VHYHUDO DGYDQWDJHV WR FRQYHQWLRQDOPLFUR VWUXFWXULQJ
PHWKRGVSDUWLFXODULQFDVHRIWKHPDWHULDOVWHHO
7KLVZRUNZDVSDUWO\IXQGHGE\WKH%0%)ZLWKLQWKHIUDPHSURJUDP0$%5,/$63,.2)/$7DQG0XOWL6XUI
>@2QHGHYHORSPHQWRIWKLVSURMHFWLVWKHUHDOL]DWLRQRILQGHSHQGHQWVSRWVZLWKDQLQGLYLGXDOPRGXODWLRQ

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